tion, and wind speed. The 10 sites where such data were available year-round are listed in Table I . Characteristics of the meteorological stations are documented by Nunn et al. (1972) for Pawnee, by Turner (1973) Arid systems respond rapidly to a fluctuating environment; in our judgement weekly averages were the maximum time interval from which we could expect to obtain reasonable relationships between abiotic and biotic variables. Therefore we averaged the data to obtain weekly as well as annual mean values. Mean yearly values for maximum and minimum temperature were compared by averaging the daily maxima and minima. Vapor pressure deficits, maximum and minimum, are for daylight hours. Annual radiation, precipitation, and wind speed are expressed as yearly totals. Vapor pressure deficits for Thompson, the H. J. Andrews Experimental Forest, Coweeta, Noe Woods, and Pawnee were computed from the combination of hourly temperatures and dewpoint temperatures averaged over weekly intervals. For Hubbard Brook, Silverbell, Rock Valley, Jornada Bajada, and Curlew Valley, only daily summaries of humidity and temperature were available from which to compute daily maximum, minimum, and average vapor pressure.
Computation of potential evapotra1nspira tionl
Potential evapotranspiration (PET) is an estimator of the maximum water stress on an ecosystem. To use PET we modified Penman's (I1956) equation so that our weekly abiotic data could be used. To estimate net radiation, a major component in Penman's equation, we converted shortwave to net radiation by the method of Gay (1971 
where r-s, is in joules per square centimetre, R,,,. is the total weekly shortwave radiation in joules per square centimetre per week, and lo1 is the ratio of daylight hours to the total daylength. Calculating the total weekly net radiation (R, where T is in degrees Celsius.
Computation of photosynthetic efficiency
The efficiency of the conversion of sunlight to biomass was calculated with the use of ANPP and shortwave radiation. This photosynthetic efficiency (PE), as it is often called, was calculated on an annual basis by dividing the energy content of ANPP by the shortwave radiation in the 400-700 nm band width. While PE is often calculated on the basis of growing season, it is difficult to do so for native ecosystems because (1) the growing season often cannot be defined as a single time interval, as in the case of deserts, and (2) some ecosystem processes contributing to production during the observed growth period may continue all year.
In addition to the standard calculation, PE was determined per unit of foliar standing crop (FSC) by di-viding it by total FSC. The resulting parameter joined radiation to leaf biomass and gave a better measure of foliar conversion of radiant energy to biomass. Desert 
where ANPP is in grams per square metre per year, FSC is foliar standing crop in grams per square metre, 7i is weekly average temperature in degrees Celsius, sinh is hyperbolic sine (an average of two exponential terms), PPT is weekly precipitation (in millimetres), PET is potential evapotranspiration (in millimetres), Xti is the fraction of a year, and A and B are parameters derived from the data. The model has two distinct components. The input A FSC, computes the linear relationship between ANPP and FSC for all ecosystems. The second component shifts the calculated ANPP depending upon water availability (PPT -PET) and temperature. Parameter A has units of yr-1 and B has units of yr/mm. Since arid systems are very responsive to rainfall, which falls infrequently and somewhat randomly, the use of weekly time resolution was necessary, as was the stipulation that production data and abiotic data be from the same site and in the same year. Temperature was included in the model since the average annual temperature range was large, between 7.20 and 21.40C. FSC was the primary biotic variable, both because of the strong relationship found between it and ANPP and because ecophysiological field studies commonly relate abiotic variables to plant production through leaf biomass or leaf surface area. The major variable, water deficit, was closely coupled to temperature. This coupling was based on the recognized relationship between the temperature needed to drive chemical reactions and the water needed to allow them to proceed at their maximum rates. The temperature function followed the Q,( rule which allows a rate doubling for each 10C increment. Light intensity was excluded from the model because its annual variation per site was minimal and because the coefficient of variation for all sites was low, 8%.
Parameters A and B were derived from daily temperatures, daily precipitation, and computed weekly PET combined with peak foliar biomass and annual net production. Values for A and B were obtained by calculating ANPP with a computer program which iterated paired values for A and B consistent with the measured weekly abiotic variables and annual biomass variables of FSC and ANPP. This procedure was followed for each site and for each year on a given site; it yielded a series of relationships between A and B, one relationship for each site and for each year.
Forest inodel
The forest systems listed in Table 2 represent diverse aboveground biotic characteristics which occur over a wide range of environmental conditions and geographical areas. Though it may be optimistic to expect that the variance in ANPP can be adequately resolved by a single model, there is sufficient information now available to expect a first-generation model. Several forms were tried with the available data; the one that gave the best results related ANPP to FSC, aboveground standing crop (ASC), shortwave radiation (RAD), and annual average temperature (T):
Conventionally, ANPP equals gross photosynthesis (an input) minus autotrophic respiration (a loss), so that
where T is annual average temperature in degrees Celsius, FSC is peak foliar standing crop in grams per square metre, RAD is total annual shortwave radiation in joules per square metre, and A' is a parameter (measured in joules).
where ASC is aboveground standing crop in grams per square metre. Parameter B' has units of yr-1. The input term incorporates radiation multiplied by FSC, implying that a linear relationship exists between the input and radiation. While such a relationship is not realistic for single leaves which do not utilize twothirds of the incident radiation, it is realistic when foliar biomass approaches a maximum so that <10% of the incident radiation penetrates to the forest floor. The second term in the model (B' ASC) is proportional to the aboveground biomass and is analogous to a respirational cost for maintenance and production processes. Both forms of the model are multiplied by a temperature correction which allows for a doubling of both input and loss terms for each 1?O change in annual temperature. The base temperature is 10?, the same as for the desert model. Because the forest systems in the study are not significantly water stressed, no correction term is applied for this factor.
Although the model is conceptually pleasing, in the most rigorous sense it must be considered empirical because it is not possible to obtain theoretical parameter values when the data do not include belowground productivity. The model form is, however, independent of stand age so that systems do not have to be mature to be incorporated into the results. Weekly precipitation and evapotranspiration are particularly useful for comparing ecosystems. The difference between weekly precipitation and PET can be interpreted as an index of the effectiveness of precipitation and of the relative water stress under which the biota of a particular ecosystem is existing. As one would expect, there is a gradient in water deficits from forests to grasslands to deserts (Fig. 2) At the grassland and desert sites, in contrast, drought prevails, but there are short periods of favorable soilwater conditions. Deficits at these sites range from 924 mm at Curlew Valley to 1821 mm at Rock Valley. The large deficit at Rock Valley is partially the result of the concentration of precipitation during the fall and winter months when PET is low and of the almost complete absence of precipitation during the rest of the year. The relatively low water deficit for Jornada Bajada is explained by the midsummer peak in precipitation, which lowers both PET and the water deficit.
Biotic (a1ta
The data represent an extremely wide range of biotic values in terms of both standing crop and net primary production (Table 2) . Others have also presented such data (e.g., Westlake 1963). Aboveground standing crop (ASC) is highest for the Wildcat Mountain forested site in Oregon (88 200 g/m2) and lowest for the Ale grassland site in Washington (70 g/m2), a difference greater than three orders of magnitude. Similarly, net primary production varies from 3279 to 16 g-m-2 yr-1; the most productive site was a young Pinuis taeda stand at Research Triangle Park, North Carolina, while the least productive was a hot-desert site, Rock Valley, Nevada, during a dry year. This difference in net primary productivity is greater than two orders of magnitude.
Annual foliage production was lowest for Rock Valley (10 g-m-2 yr-1) and =50 times higher for the pine site at Triangle Park (561 g-m-2 yr-1). Peak FSC, however, was highest for a hemlock forest near Otis, Oregon (2100 g/m2 
ANPP related to FSC
Aboveground net primary production (ANPP) was found to be positively related to peak foliar standing crop (FSC; Fig. 3 Eq. 12 was evaluated in terms of ecosystem type by computing its slope (dANPP/dFSC) for the average foliar biomass of each type (Table 3 ). The result, ANPP/ FSC, was compared to the average value, which implies a linear and positive relationship between ANPP and FSC for each ecosystem type. Correlation coefficients between ANPP and FSC were included to indicate the relationship between ANPP and FSC for each biome.
The general model (Eq. 12) indicates that primary production per unit of foliage is higher for systems Ecology There is a strong correlation between ANPP and FSC for the grasslands, 1.21 (Table 3) . For most temperate grasslands, ANPP/FSC would be expected to be 1.0. The presence of other life forms increases the value of the ratio above unity. Although the grassland data seemingly form the core of the relationship between ANPP and FSC, there was significant positive correlation when grassland data were deleted (r2 = .50). The intercept value was large (320 g 2yr 1), but not significantly different from zero.
Data from coniferous forests include both young vigorous stands (e.g., Triangle Park, North Carolina) and mature stands. Deciduous forests (for which no young stands were represented in the data) have an average ANPP/FSC value of 2.22. When young stands are excluded from coniferous forests, the average value for ANPP/FSC is 0.84, or about one-third the corresponding value for deciduous forests. This comparison seems especially important because all included systems are mature, and the difference between the two systems is significant. Since deciduous systems produce more with less leaf biomass, and since complete leaf turnover occurs each year, the implications for faster nutrient cycling are significant. Zavitkovski et al. (1974) , using their data and that from the literature, found deciduous systems to produce 3.41 g/g of foliar biomass. They also found that coniferous systems were less productive, with an average ANPP/FSC of 1.6, but their data for coniferous systems had a significant intercept value greater than the one reported for the deciduous systems. The systems would be more nearly the same if the regression intercepts were forced through zero.
While all models relating FSC to ANPP were either linear or slightly curvilinear downward, none was curvilinear upward. Another possibility exists besides the models discussed. A piecewise linear (or curvilinear) model is possible with different parameters for different ecosystem types. The data we have are not well enough correlated within an ecosystem type to make such a test. It is especially difficult to do so when the climatic state of the system is not known. The data in Table 3 suggest the order of efficiency to be deserts > deciduous forests > coniferous forests > grasslands, but the differences are not statistically significant. Whittaker and Niering (1975) , in an altitudinal gradient study, reported that visual trend lines fitted to their data suggested that desert grasslands produce more per unit of leaf area than do coniferous forests.
Photosynthetic efficiency
Although photosynthetic efficiency of natural ecosystems normally is assumed to be low, this assumption may hinge on the techniques used and the time period over which the calculation is made. The time period used here is yearly, as this is the only basis possible for comparing systems when the growing season cannot be determined. Furthermore, an estimate of the incident photosynthetically active radiation (PAR) rather than actual intercepted light is used, as is aboveground production rather than moles of 02 evolved or CO2 taken up. As such, the calculations used here will result in the lowest possible measure of efficiency for those techniques and time periods. Jordon (1971) has calculated efficiencies for a variety of ecosystems.
Annual PAR varied from a low of 1 546 000 kJ/m2 at Andrews Forest, Oregon, to a high of 3 553 400 kJ/m2 at Rock Valley, Arizona, more than a two-fold difference (Table 4 ). In general, forested sites have significantly lower annual PAR than do desert sites. Sites of comparable latitude have large differences in radiation, e.g., Curlew, Utah, at latitude 420N has an annual PAR of 3 023 100 kJ/m2, while at Andrews Forest PAR is 50% of this value. The former is a high-elevation cold desert, and the latter a mature coniferous forest. The efficiency with which radiant energy is converted into dry matter is indicated in Table 4 . On a land surface area basis, forest systems are more efficient than deserts or the shortgrass steppe sites listed. The most efficient system was a young hemlock stand in Otis, Oregon, which converted 2.93% of its shortwave radiation to aboveground biomass. This conversion was more than two orders of magnitude higher than that at the Rock Valley, Nevada, desert site, where the efficiency was 0.01% in 1972, a dry year.
When coniferous and deciduous forests were compared, the annual mean photosynthetic efficiency was 1.69% for all coniferous systems reported and only 0.689% for deciduous systems. Included in the average for the coniferous systems were three young stands with high productivity (Coweeta no. 1, Triangle Park, and Otis). No two deciduous stands reported are comparable in stand age. When data from the young conifer stands were excluded, the annual efficiency was 1. 11% or slightly less than twice that of deciduous systems. When the efficiency of the deciduous systems was reported only for the period of foliation, the efficiency was 1.31%, more comparable to coniferous systems.
Another way to compare photosynthetic efficiency of ecosystems is to express it per unit of foliage. This measure is more realistic when comparing photosynthetic efficiency of different types of vegetation. It is noteworthy that when the photosynthetic efficiency of the productive Piniis taeda stand at Triangle Park, North Carolina, was expressed on an ANPP basis, the value was 2.6%, while that of a productive hemlock stand near Otis, Oregon, was a comparable 2.9%. However, when expressed per unit of foliage, the efficiency of pine was 2.7 x 10-39%/g of foliage, while that of hemlock dropped to 0.49 x 10-39%/g. Although the latter is the lowest efficiency per unit of foliage reported, this stand of Tsuga heterophylla also has the highest foliar standing crop reported ( Table 2 ). The highest efficiency per unit of foliage for a single year was reported at Jornada Bajada in 1972: 4.5 x 10-317%/ g of foliage. As pointed out previously, this system, while considered a desert, has a midsummer rainy season (Fig. 2) .
While it is instructive to compare PE of sites and biomes, it is more useful to relate PE to its theoretical maximum efficiency. The theoretical maximum photosynthetic efficiency that can be achieved is usually considered to be between 10 and 12%; most measurements have been made on Chlorella for short time periods. Wassinke (1959), however, reports values >10-12% for higher plants.
If we use 10% as the upper limit of PAR conversion to carbohydrate, then the theoretical maximum gain in mass of forest sites, independent of species or vegetation density, varies from 7.6 x 103 g.m-2 yr-1 at Andrews Forest to 1.33 x 104 g.m-2 yr-1 at Norman (Table 5 ). The deciduous stands have a slightly higher maximum than do coniferous ones. The upper limit does not include whole-plant respiration; thus, comparison with such a limit is only a convenient reference point. When this comparison is made, ANPP of coniferous and deciduous forests varies from 5 to 9% of the theoretical maximum (Table 5 ). The young stands are the most efficient, varying from 12 to 25% of the theoretical limit, the deciduous stands have slightly lower efficiencies than do the coniferous ones.
Estimates of gross photosynthesis at three forest sites are available for comparison with the upper theoretical limit. Such estimates have been obtained from laborious measurement of CO2 exchange at Triangle Park, North Carolina; Brookhaven, New York; and Oak Ridge, Tennessee. These estimates were made in the conventional manner by adding respiration during the dark period to net CO2 exchange measured in the light period. Actual CO2 uptake relative to the theoretical maximum was 71% for Triangle Park, 22% for Brookhaven, and 38% for Oak Ridge, all on an annual basis. Thus, the young Pinus taeda stand in North Carolina approaches the theoretical upper limit of radiant energy capture. The other two stands have significantly lower efficiencies, perhaps because of lack of foliage during a large part of the year. Foliage of the pine stand at Triangle Park amounts to 1000 g/m2, which is not excessively high for conifers, but the temperature pattern in eastern North Carolina undoubtedly allows for year-round photosynthesis.
Bray (1961) calculated efficiency of a forest stand to be 7.9%. He calculated the minimum conversion efficiency and concluded it was greater for shorter periods during the year. Botkin and Malone (1968) calculated efficiencies as high as 10% for a short period of active growth. The longer the period, the lower the efficiency they computed. They used the harvest technique and measured the light actually intercepted by the vege- The results show that photosynthetic efficiency is lower with increased water deficit. Although incident radiation and, consequently, potential efficiency are higher in deserts, the density of vegetation is low, and efficiencies are also low. When efficiency is expressed relative to peak FSC, there is generally a convergence of efficiencies for all systems. Such a method of measuring efficiency per unit of leaf biomass is more expressive of species adaptation relative to abiotic parameters other than radiation. Before this adjustment, the differences in efficiency in the sampled areas were large, encompassing more than two orders of magnitude. The differences when efficiencies are expressed relative to leaf biomass are reduced to less than one order of magnitude. On this basis, deciduous systems are more efficient than mature coniferous systems, while desert systems tend to be least efficient. However, the Jornada Bajada site has an average efficiency comparable to the Pilius taeda stand at Triangle Park, the highest reported.
Ejec t ot water avl ,ilabilitv oil ASC anda ANPPIASC
When water availability was defined as annual potential evapotranspiration (PET) minus precipitation (PPT), it was found to increase with a decrease in aboveground standing crop (Fig. 4A) . PET, calculated weekly, has been shown accurately to predict actual evaporation from wet surfaces. Whittaker and Niering (1975) reported a similar biomass increase with a decrease in their moisture index. The data in Fig. 4A are divided between forests, where there is a water surplus such that PET -PPT < 0, and grasslands and deserts, where there is a water deficit. The forest systems reported have ASC values > 20 000 g/m2; Andrews Forest, for example, has an ASC of 83 855 g/m2. These systems can be considered "mature," or their state is such that yearly ecosystem production is low. Without this assumption, the analysis would be jeopardized because forest systems would be increasing in ASC even when the relationship established in (Fig. 4B) , a linear relationship is more appropriate over the water deficit range of 900-1800 mm of water. Notice that one data point (Rock Valley) is not included in the relationship. Over this restricted water deficit range, the exponential model is nearly linear (Fig. 4B) and fits the data nearly as well as the linear model, but this linear model cannot be extrapolated to include the forest systems.
It is clear that the size of an ecosystem aboveground is closely related to the abiotic environment, in this case, to the water availability or annual sum of weekly potential evapotranspiration minus precipitation. Thus, the size of the system can be viewed as an adaptation to the abiotic environment, or to state it differently, the mix of species on a site is the set that maximizes the aboveground standing crop with respect to the environment. It would be inappropriate to suggest that community composition is an adaptation to water availability. It is just as likely that unrecorded environmental extremes such as low temperature or extreme drought operate to determine the species on each site. Since "mature" systems were used in the analysis, however, it does appear that the upper limit of the standing crop is strongly related to water availability.
The use of water deficit, or water surplus, to compare forest systems is somewhat hazardous because other factors cause large variances in ANPP. The fact that the size of the forest systems at maturity is more than one order of magnitude greater than predicted from linear extrapolation of water deficit data for desert systems indicates that other factors also promote the growth of standing material. If the standing material could be segregated into living and nonliving cells, the relationship between living material and water deficit might differ from that observed between ANPP and water deficit. Even in the sapwood of forest trees, only 7-10% of the cell material respires. The only function of much of the standing crop is to provide structural support to other living parts as they obtain organic constituents from the forest environment.
Species in dry environments produce more ANPP per unit of ASC as PET -PPT increases, perhaps because of the amount of nonmetabolizing tissue in such species. In desert environments, the increase is nearly linear. Since these systems can change in size from year to year as climate varies (Table 2) There was very good agreement between predicted and observed ANPP at the three sites used to parameterize the model (Fig. 6A) . Observed ANPP at Pawnee, a shortgrass steppe, during 1974 was 59 g/m2, the exact value predicted by the model. Pawnee is a highelevation site with relatively severe winters, warm summers, and precipitation occurring during thunderstorms (Fig. 2) ; its average temperature was 10.0? (Table 1). In contrast, Silverbell, where predicted ANPP was 15% higher than the observed, has an average temperature of 210; its summers are warm, and all precipitation occurs as rain.
The third site, Curlew Valley, is classed as a cold desert; annual average temperature for 1972-1974 was 7.7?. Precipitation occurs as snow in the winter and occasionally as rain in the summer. Seasonal PET at Curlew Valley is lower than at Silverbell and appears similar to that at Pawnee, although the annual PET at Curlew Valley was =30% lower. ANPP was predicted correctly for Curlew Valley for two successive years, 1973 and 1974 (Fig. 6A ). During these 2 yr, ANPP declined from 149 to 70 gm -2 yr-'.
A test of the model was made with an independent data set from Jornada Bajada, New Mexico. This hotdesert site has an annual average temperature of 18.5? (Table 1) , and although its latitude is similar to that of Silverbell, its annual PET is about one-third less. For 1974, the observed ANPP at Jornada Bajada was 101 gm m-2yr 1, whereas the predicted value was 127 g m-2 yr-1 (Fig. 6A) . For 1973, the predicted value was 100 g m-2 yr-, while the actual ANPP was 129 g m-2 yr-'. For 1972. however, the predicted value of 1 10 gm -2. yr-was much lower than the actual ANPP (292 g M-2. yr-1). Thus, in two of three cases the mod- Although ANPP has been shown to be related to peak FSC (Fig. 3) , the correlation between ANPP and FSC was not positive for the desert systems reported here. A much better basis for predicting ANPP was established by adding weekly temperature, precipitation, and potential evapotranspiration to the model, an addition hereafter called the "environmental parameter." Parameter A in the model scales ANPP to be 1.8 times FSC. In most cases this is an overprediction, and the environmental parameter, which quantifies the current year's environment, often adjusts ANPP to a lower value. The environmental parameters in Table  6 differ by a factor of three and greatly increase pre-dictive power. Since these values are calculated from weekly data, they emphasize the importance of weekly events in regulating production in these systems.
The The premise on which the model is based is that ANPP of forest systems not significantly water stressed They judged ecosystem production to be nil and the system to be in equilibrium with its environment. The model predicts 35% more production than was measured. While the biotic parameters are not extreme in terms of the stands used for the model, the average temperature of 22? is greatly above that in the original data set and contributes markedly to the predicted production. It is noteworthy that this tropical stand is not producing a net increment in biomass but is producing as much annually as the vigorous young conifer stands near Otis, Oregon, and Triangle Park, North Carolina. If none of the energy in the tropical system increases the biomass increment, considerably more energy is used for internal processes than was the case in the stands reported in Table 2 .
For an A/nuts rubra stand, Zavitkovski and Stevens (1972) (Table 7) . Since estimates of both the input and loss terms for these sites are available, direct computation was possible.
Values from the literature for the input term are =4 times the input parameter A of the model, while the value of B, the loss parameter, from the literature is z35 times that predicted by the model. The differences are large, perhaps because of the empirical nature of the parameters, but also because belowground production is included in the values from the literature and the input parameter must necessarily be greater. Furthermore, the ASC of these four stands is less than the average for the stands included in the model. The error term expressing actual ANPP relative to that predicted from the model is included in Table 7 . Although parameter values vary between the model and direct calculation, the prediction is reasonable in two of four cases.
Considering the diversity in plant form, environment, phenology, and techniques for measuring CO2 exchange, the A parameters in Table 7 appear to be consistent; the average is 2.45 x 10-6 with a standard deviation of 0.93 x 10-6. None of the systems is sig-nificantly water stressed, and evaluation of the parameter seems closely related to annual environmental variables coupled with peak foliar biomass. All stands represented in Table 7 have closed crowns, and FSC is very likely near its maximum and stable amount. The fact that the parameter values computed directly on the basis of the model structure are stable illustrates the stability of the model input term. A large variance would have signaled instability. The differences between the computed parameter values and those used in the model result from differences in total net primary production. The stability of the independently calculated values is encouraging because the validation data represent coniferous, deciduous, mixed conifer-dedicuous, and tropical forest systems.
The B parameter in Table 7 is also stable. The coefficient of variation is 45%, slightly greater than for parameter A. The model value is -4% of the average value computed from the independent data. The model coefficient of 2.47 x 10-3 represents an average loss per unit of ASC for the stands used to parameterize the model. Since many stands used to derive the model had much greater biomass than those in Table 7 , the model parameter value underestimates the computed value. This may underscore the unreliability of computing an average loss term per unit of biomass rather than per unit of the living system.
CONCLUSIONS
The analyses support our contention that differences in ANPP are closely related to differences in abiotic variation but that community composition also plays a role in determining ANPP. They demonstrate that ASC is related to water deficit and further that ANPP per unit of ASC increases as water availability decreases. While the analyses were not conclusive, they suggest that more severely water-stressed systems require more ANPP per unit of ASC for internal ecosystem processes. Production per unit of FSC was characterized by a single relationship for all data, but it could not be shown conclusively that ecosystem types were related to ANPP/FSC. It was shown, however, that deciduous forests produce more per unit of FSC than do coniferous forests when the comparison is made for mature ecosystems.
When production is linked to solar radiation, it is clear that forest sites are more productive than waterlimited sites, which have less dense vegetation for light interception. When photosynthetic efficiency is normalized per unit of FSC, the differences fade, and a desert system turns out to be as as efficient in converting radiant energy to biomass as does a highly productive young coniferous forest. Without the normalization of FSC, it can be easily shown that ecosystem type is correlated with efficiency of radiant energy capture.
The success of the desert and forest models shows the strong relationships that can be derived for predicting ANPP when biotic and abiotic variables are combined. While the models were reasonably successful, there was enough discrepancy in the validation to give a hint at differences resulting from ecosystem types. The desert model, for example, could not account for the very high productivity of the Jornada Bajada site, and the forest model better predicted ANPP of coniferous forests than it did deciduous ones. On balance, it appears that variation in predicted ANPP of native ecosystems can be reduced when ecosystem type is included as an independent variable.
